The flow electrification phenomenon induced by flowing oil inside the transformer may cause dielectric breakdown inside the transformer. Therefore, the flow electrification phenomenon is one of the most important problems for the electrical insulation of the oil-immersed transformers. For the flow electrification phenomenon, so far many investigations were carried out by many researchers, however, there are many obscure points concerning for the phenomenon.
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In order to clarify the process of the flow electrification phenomenon in detail, the behavior of the electric field and the charges in the oil gaps was investigated by using the multipoint electric field measurement systems based on the Kerr effect. In this paper, the experimental results and simulations of the electric field distortion phenomenon under DC stress are discussed.
The time dependence of the electrict field distribution was measured, the applied electric field strength and the gap length of electrode were made to change. Figure 1 shows the time dependence of the electrict field distribution, under DC stress with 13.5 kV/cm; (a) gap length 10 mm and (b) gap length 16 mm.
In case (a), at the instant of voltage application, the electric field in the nearby the electrode increased, and field strength in the center of the oil gap decreased. After one minute, the field distribution converged on the average field. When the gap length was made to expand (in case (b)), the diffusion of electric field was seen as soon as voltage was applied. The convergence of field distribution wasn't seen after that. 
Fig. 2. Modeling of behavior of charge
So far, though, it was considerd that the electric field in the oil gap showed uniform distribution under the DC voltage application, as for the steady condition as well, it was observed that the distortion of electric field distribution occurred by the large gap length of the electrode and the small applied electric field strength in the result of measurement.
The field distortion phenomenon was investigated from the viewpoint of the behavior of the electric charge. A model of behavior of charges was proposed as illustrated in Fig. 2 . The phenomenon of the field distortion is estimated as follows. The charge exists fully in the oil gap. The charge in the oil is moved by the electric field to each electrode at the instant of voltage application. Hetero charges are brought nearby the electrode by the imbalance of charge of the plus and the minus. At that time, the electric field around the electrode becomes higher than an average field strength. The field distribution is settled in the average field when the movement of charge proceeds more and hetero charges around the electrode are extinguished.
From the above consideration, it was supposed that this field distortion was formed by movement, generation of the charge in the oil and extinction of the charge on the surface of the electrodes.
Moreover, the simulation of behavior of the charges which imitated movement and generation in the gap, and extinction on the surface of electrode was carried out, and the reappearance of the distortion phenomenon of electric field could be simulated, and it corresponded to experiment results mostly. Flow electrification phenomenon is one of the most important problems for electrical insulation of oil immersed transformers. In order to clarify the process of the flow electrification phenomenon in detail, the behavior of the electric field and the charge in the oil gaps was investigated by using the multipoint electric field measurement systems based on the Kerr effect. So far, it was thought that the electric field in the oil gap was distributed uniformly under DC stress. It was, however, proved that the field distribution under DC stress wasn't uniform through the multipoint measurement of the field distribution. Further, it was supposed that this field distortion was formed by movement, generation and extinction of the charge in the oil. In this paper, the experimental results and simulations of the electric field distortion phenomenon under DC stress are discussed. 
